Background: Portal vein thrombosis (PVT) is a complication that is commonly seen in patients with cirrhosis and an entity that leads to increased mortality in patients who undergo liver transplantation. This study aims to establish a link between an elevated international normalized ratio (INR) and the presence of PVT in a cohort of cirrhotic patients.
Introduction
The international normalized ratio (INR) is a measure that has long been used to assess coagulation factors in a patient's bloodstream. Specifically, these factors include factors I (fibrinogen), II (prothrombin), V (proaccelerin), VII (proconvertin), and X (Stuart-Prower factor). The aforementioned factors are part of the extrinsic coagulation pathway, which contribute to the process of achieving hemostasis [1] . In practice physicians commonly use this measure to determine a patient's propensity to develop life-threatening bleeding. This is especially true in patients with liver disease, vitamin K deficiency and those undergoing treatment with warfarin. Protein C and protein S are two factors, rather than contributing to coagulation, are the body's natural reservoir of anti-coagulation. These two factors are often overlooked and may be aberrant in conditions that affect INR levels.
Portal vein thrombosis (PVT) is defined as partial or complete obstruction of blood flow that occurs secondary to a thrombus in the portal vein, which results in occlusion of the vessel lumen [2] . With an estimated incidence rate of 0.7 per 100,000, PVT is a well-established condition found in patients suffering from cirrhosis [3] . Despite this, the etiology of PVT has eluded clinicians for decades. In present days, studies suggest that decreased portal flow velocity, and increased flow volume are considered to be independent risk factors in the development of PVT [4] . No studies however have attempted to establish a relationship between coagulation profile, specifically elevations in INR, and PVT. Given the fact that coagulation factors are produced in the liver, their synthesis is greatly reduced in cirrhotic patients. As mentioned previously, elevations in INR predispose patients to develop life-threatening bleeding. The logic behind this lies in the aberrant production of coagulation factors. There may be a juncture however where protein C and protein S, the natural anti-coagulants, become more severely affected than the coagulation factors. This in theory will result in a pro-coagulant state, which can predispose cirrhotic patients to develop PVT. This is clinically significant, as early identification of PVT may lead to better outcomes in patient care, decreased length of hospital stay and in turn, reduced mortality. 
Patient selection
The data was collected from the electronic medical records of patients and tabulated in Microsoft Excel. Patients diagnosed with cirrhosis (identified by ICD-10 codes) who underwent appropriate imaging (ultrasound abdomen, computed tomography (CT) abdomen with intravenous contrast, or magnetic resonance imaging (MRI) with intravenous contract) were admitted to the hospital floor and intensive care unit. Patients who underwent CT of the abdomen without intravenous contrast or MRI without intravenous contrast were excluded from the study given their poor sensitivity in detecting PVT. Similarly, patients who had missing information, namely INR levels, were also excluded from the study. The diagnosis of PVT was made in patients who had absent blood flow in the portal vein, cavernous transformation of the portal vein, or the presence of solid, hyperechoic material within the portal vein. Because the treatment of PVT consists of initiating anticoagulation, patients who were taking warfarin or direct oral anticoagulants (DOACs) were excluded from our study. A total of 268 patients were finally included and divided into two study groups.
Evaluation of results
Our study intended to establish a correlation between the presence of PVT and INR levels in patients with cirrhosis. We also looked at these correlations separately across genders and ethnicities.
Group division
The study group consisted of patients with the presence of PVT (group 2) and the control group consisted of patients without PVT (group 1). All lab values were measured closest to the date of imaging study performed.
Data collection
Baseline demographic data including age, gender, and ethnicity were collected for all patients in the study. We collected data on the patients' body mass index (BMI), complete blood count, comprehensive metabolic panel, liver function test, and coagulation profile (including INR, prothrombin time (PT), and partial thromboplastin time (PTT)). We also calculated model for end-stage liver disease (MELD) scores for each patient within both study groups. Child-Pugh scores were not included due to the considerable heterogeneity in documentation of subjective variables of ascites and hepatic encephalopathy. Data regarding social history including usage of tobacco, heroin, and alcohol were also included in the analysis. In addition we reviewed endoscopy reports evaluating for the presence of esophageal varices in each patient. Finally we included the presence of co-morbidities found in patients from both study groups such as hypertension, diabetes mellitus, hepatitis B, hepatitis C and human immunodeficiency virus.
Statistical methods
Results were reported as the means with standard deviation for most variables and 95% confidence interval for some variables. For comparisons of continuous variables between the two study groups we used the t-test. Categorical variables for the two study groups were compared by Chi-square analysis using the Pearson test. A two-tailed P value of < 0.05 was considered to be statistically significant.
Results
In total there were 268 patients who met our inclusion criteria who were admitted to the hospital between January 2013 and December 2018. Of these patients, 22 (8%) were found to have PVT and 246 (92%) were found to have patent portal veins. Out of the total study population 180 patients were male, and 88 were female. There were 138 Hispanics, 71 African Americans, 57 Caucasians, one Asian and one person of Indian origin in the study population. Baseline characteristics for patients with PVT and for those without PVT are tabulated in Table 1 . There was no observable statistically significant difference in age, gender or ethnicity between the two groups. Likewise, there was no statistically significant difference in both groups between users of alcohol, tobacco and heroin.
Our results showed that patients with PVT had a statistically significant increased INR level when compared to patients without PVT (P value = 0.04). The mean INR for patients with PVT was 1.45, whilst the mean for patients with patent portal veins was 1.3.
Similarly, in patients with PVT there was a statistically significant increase in bilirubin (4.8 mg/dL vs. 2.6 mg/dL; P value = 0.021), alkaline phosphatase (281 IU/L vs. 130 IU/L; P value = 0.0001) and platelet count (224 × 10 3 /uL vs. 131 × 10 3 /uL; P value = 0.0001) when compared to those without PVT. In addition, patients with PVT had statistically significant lower sodium levels than those without PVT (135 mEq/L vs. 137 mEq/L; P value = 0.041). While the mean MELD score in patients with PVT was higher than that in those without portal thrombosis, these findings were not statistically significant (16.5 vs. 14.1; P value = 0.144) ( Table 2 ).
Out of the 22 patients with confirmed PVT, nine patients had esophageal variceal bleeding confirmed by esophagogastroduodenoscopy (EGD). In the control group, 70 out of 246 patients had esophageal variceal bleeding confirmed by EGD. There was no statistically significant difference in the presence of variceal bleeding between the two study groups (P value = 0.21) ( Table 3) .
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Hepatitis C was the etiology responsible for cirrhosis in the majority of patients in both groups (50% in study group, and 49% in control group). This was followed by alcohol (36% in study group, and 28% in control group), and non-alcoholic fatty liver disease (9% in study group, and 13% in control group). There was no statistically significant association between any of these etiologies with the presence of PVT.
Discussion
Conventionally liver disease is associated with coagulopathy and bleeding tendencies. In recent years more and more evidence is pointing towards the often-ignored thrombophilic, hypercoagulable tendencies that accompany liver pathology. Worsening liver function leads to decreased synthesis of various proteins including numerous anti-coagulants such as protein C, protein S, and anti-thrombin 3. Dwindling anticoagulant proteins in the blood stream may counterbalance the bleeding tendencies caused by the loss of pro-coagulants [5, 6] . In compensated cirrhosis there is a delicate and vulnerable balance between coagulopathic and thrombophilic tendencies. Various precipitating factors can tip this balance one way or the other leading to distinct complications. Advancing liver disease is associated with a higher tendency for hypercoagulability. In a prospective study, Zocco et al reported that reduction in levels of anticoagulant proteins was strongly related to severity of liver cirrhosis according to the MELD scoring system [7] . In their study, D-dimer was significantly elevated in patients with a MELD score greater than or equal to 13. In addition, there was a negative correlation between levels of D-dimer and both anti-thrombin and protein C levels. PVT is one of the most common clinical manifestations of hypercoagulability in liver disease. Epidemiologically, PVT has an estimated prevalence of 0.6-15.8% of all patients with cirrhosis or portal hypertension [8] . The etiology of cirrhosis seems to play a role in the development of cirrhosis. In one cohort of 45 cirrhotic patients, PVT was found to have a higher incidence rate in patients with hepatitis B virus [9] . In our cohort of 22 patients with PVT, over 50% of patients had hepatitis C virus. These findings as mentioned previously were not statistically significant however. Regarding ethnicity, one large cohort of 3,642 patients found that African Americans and Hispanics had a statistically significant lower prevalence of PVT when compared to Caucasian patients at initial presentation. At time of transplantation, African Americans also had a decreased prevalence, when compared to Caucasians. Interestingly, Hispanic patients in this subgroup were found to have a higher prevalence of PVT when compared to African Americans and Caucasians [10] . In our cohort the majority of patients (54%) were Hispanic. These findings were also not statistically significant and may likely be attributed to the large demographic of Hispanic patients that our facility serves.
In present days, there are multiple classification systems to determine the different types of PVT. The Baveno VI classification proposed in 2015 is perhaps the most widely used and stratifies PVT by location, etiology of underlying liver disease, degree of occlusion, and onset (acute vs. chronic). Type 1 refers to thrombosis of the portal vein trunk, type 2 refers to thrombosis of one branch (2a) or both branches (2b), and type 3 refers to thrombosis of both the portal vein trunk and branches [11] . One shortcoming of this classification system is the omission of functional consequences of PVT. Sarin et al recently proposed a new classification system that adds functional features of PVT to the previous parameters delineated in the Baveno VI classification [12] .These functional features are defined as symptomatic PVT and asymptomatic PVT.
Thrombus formation depends on three factors as explained by Virchow's triad: stasis, hypercoagulability and endothelial injury.
Portal flow velocity less than 15 cm/s is an established risk factor for the development of PVT. Decreased portal vein flow might actually be a manifestation of advancing liver cirrhosis with progressive fibrosis and alteration in the microcirculation. Portal flow velocity is inversely related to Child-Pugh score. Flow velocity is lower in patients in Child-Pugh class C compared to patients in class B or A [13] .
More than two-thirds of cirrhosis patients with PVT have some evidence of inherited thrombophilia [14] . Prothrombin (PT) gene 20210A mutation is associated with a more than five-fold increased risk of developing PVT [15] . PT gene mutation by itself is considered a weak risk factor for venous thrombosis [16] but in the presence of other risk factors can pose a considerable risk for thrombus formation [17] . Factor V Leiden mutation and methylenetetrahydrofolate reductase C667T mutation are more frequently detected in cirrhotic patients with PVT compared to those without PVT [18] .
Markers of endothelial dysfunction like von Willebrand factor, P-selectin and isoprostanes are elevated in patients with cirrhosis. Endothelial cell dysfunction may contribute to thrombus formation in cirrhotic patients; further studies are needed to prove causality. PVT is considered to be a negative prognostic factor in advanced liver disease. Extensive PVT after liver transplantation has been shown to be positively associated with higher mortality [19, 20] . One study in particular found that patients undergoing liver transplantation with PVT had longer operation time, increased need for transfusions and lower survival rate than those without PVT [21] . Another study echoed these findings showing that patients with PVT had a higher posttransplant mortality than those without PVT. Interestingly there was not an associated increase in mortality among patients who were on the transplant waiting list [22] .
PVT can be a consequence or cause of decompensation in cirrhosis. It is asymptomatic in 50% of patients with cirrhosis and is symptomatic in the other half. If symptomatic it can lead to the following complications.
Thrombosis of the mesenteric vein as a result of PVT can lead to intestinal ischemia and infarction. PVT is one of the differentials for acute abdominal pain in a cirrhotic patient and abdominal CT must be considered in the diagnostic workup [23] . If left untreated mesenteric vein thrombosis can result in severe gastrointestinal bleeding, and in some cases the development of peritonitis, which carries with it a high rate of mortality [24] .
The presence of PVT is oftentimes associated with portal hypertension. This will result in port-systemic shunting due to the increased pressure that develops secondary to the obstructed vessel. In turn, this will cause the development of esophageal and gastric varices, upper gastrointestinal bleeding and subsequent mortality [25] . Further, one study found that patients with cirrhosis and PVT had a 10% higher rate of bleeding when compared to cirrhotic patients without PVT [26] . In our study, patients with PVT had a higher likelihood of developing esophageal variceal bleeding than those without PVT, but these findings were not statistically significant.
Septic thrombophlebitis of the portal vein, also known as pylephlebitis, is a complication of PVT that occurs in conjunction with an intra-abdominal infection. It is characterized by suppurative thrombosis of the portal vein, fever, abdominal pain and bacteremia [27] . Infections associated with its development include diverticulitis, pancreatitis and appendicitis. Regarding treatment, most cases of pylephlebitis can be managed conservatively with antibiotics and anticoagulation. In cases that result in bowel ischemia, surgical resection may be employed [28] .
Portal cholangiopathy refers to biliary changes occurring secondary to extrahepatic PVT. The decreased blood flow associated with PVT causes the genesis of venous collateral pathways that cause biliary obstruction and deformity, namely changes in the paracholedocal, epicholedocal, and cholecystic veins. Clinically this will result in biliary-type abdominal pain, jaundice, and elevated levels of bilirubin and alkaline phosphatase [29] .
Anticoagulation for PVT in cirrhosis is a management dilemma especially in non-transplant patients. As per the Baveno IV consensus, anticoagulation should be considered in potential liver transplantation candidates with thrombosis of the Then et al Gastroenterol Res. 2019;12(3):135-140 main portal trunk or those with progressive PVT. The ultimate goal of initiating treatment is to facilitate liver transplantation and reduce post-transplant morbidity and mortality [30] . As for non-transplant cirrhotic patients, aggressive therapy should be considered in those with underlying inflammatory conditions and in those at high risk to develop mesenteric ischemia [14] . There is no consensus, however, on treatment for PVT in non-cirrhotic patients. The role of anticoagulation in PVT is based on findings from five studies [18, [31] [32] [33] [34] with a total patient population of 176. In these studies, with treatment 8-50% patients showed complete thrombus resolution, and partial resolution was observed in 33-45%. Thrombus progression was seen in less than 10% of the patients. In all these studies low-molecular-weight heparin (LMWH) and vitamin K antagonists were used for treatment. DOACs are becoming a more popular alternative considering there is no requirement for monitoring. Data from two studies [35, 36] report that incidence of bleeding episodes with use of DOAC in cirrhosis is not higher compared to traditional anticoagulation. The major concern with anticoagulation in cirrhosis is the risk for causing a new bleeding episode and increasing the severity of one if it were to happen. Identifying risk factors involved in PVT pathophysiology might help identify high risk subgroups who will benefit the most from anticoagulation on risk-benefit ratio. Our study was hindered by multiple limitations. The first limitation was the retrospective nature of our study, which carries with it inherent weaknesses. Another weakness occurred in terms of the power of our study. Despite going back 5 years, we were only able to identify 22 patients with PVT. Also in our study we diagnosed cirrhosis by imaging studies and not through liver biopsy, which is the gold standard. Future, prospective studies are required to validate our findings. In addition, other retrospective studies correlating the presence of PVT and levels of other markers suggestive of thrombophilia such as protein C, protein S or factor V Leiden, would also be helpful in supporting our hypothesis.
In conclusion, our study found that elevated INR levels were associated with the presence of PVT in cirrhotic patients. It is important to identify patients that may be afflicted by PVT given the varied set of complications that are invariably associated with it. This is especially true in patients who are possible liver transplant recipients, and who have higher rates of mortality in the post-transplant period. Regarding management, the initiation of anti-coagulation has long been a point of contention due to the higher risk of bleeding that is associated with cirrhotic patients. Stratifying these patients by INR levels may assist clinicians in making the decision to treat or withhold anticoagulation therapy on a case-by-case basis.
